Background: Little is known about the influence of in-town fast-food availability on family-level fast-food intake in nonmetropolitan areas.
fast food on a typical day. 22 Others have found that more than 75% of young adults consume fast food at least once per week. 23 Among adults, nearly one third report weekly fast-food intake. 24 Most research linking community fast-food restaurants with fast-food intake has been conducted in urban areas and with adults, and fındings are contradictory. 15,24 -26 This lack of consensus may be related to specifıc household characteristics, such as SES or transportation, that could alter the frequency with which individuals purchase foods from neighborhood outlets. 27, 28 For instance, Inagami et al. 28 found that car ownership moderated the association between fast-food outlet concentration and BMI in an urban area. The role of motor vehicle access may be greater in nonmetropolitan settings, which are less likely to have well-developed public transportation.
The purpose of the present study was to determine whether the presence of in-town fast-food outlets (i.e., all fast-food outlets located within town geographic boundaries) was associated with fast-food intake among adolescents and parents, after adjusting for individual, family, and town characteristics. Second, the study assessed whether this relationship was moderated by family motor vehicle access. The hypothesis was that the association between in-town fast-food outlets and intake would be stronger among adolescents and parents with low motor vehicle access.
Methods
Data were collected as part of a larger study of individual, family, and environmental influences on adolescent obesity. The study was approved by the Committee for the Protection of Human Subjects at Dartmouth College.
Study Design
Adolescent and parent fast-food intake were measured through telephone surveys with a community-based cohort, and in-town fast-food outlets were ascertained through onsite community assessments. Detailed information on cohort recruitment has been reported previously. 29, 30 Briefly, 87% of students enrolled in Grades 4 -6 at 26 randomly selected New Hampshire (NH) and Vermont (VT) public schools were surveyed between 2002 and 2003. Seventy-one percent (nϭ2631) were subsequently enrolled in a longitudinal telephone survey of adolescentparent dyads.
Telephone surveys were administered by trained interviewers using a computer-assisted telephone interviewing system. Adolescents and parents were interviewed separately. Whenever possible, the adolescent's mother was interviewed. Parental consent and adolescent assent were obtained at each wave.
Data for the current study were obtained at Wave 4, conducted between 2007 and 2008, when adolescents attended Grades 7-11. The follow-up rate for this wave was 71.6%, providing a sample of 1885 adolescent-parent dyads. Food outlet assessments were conducted in 32 New Hampshire and Vermont towns where the majority (nϭ1582) of adolescents resided. The fınal analytic sample includes 1547 adolescent-parent dyads with complete data for the variables of interest. The fınal sample resembled the baseline sample in terms of adolescent gender and mean age at baseline. Compared to baseline, parents in the fınal sample were more likely to be white (86.7% vs 92.6%) and to have at least a bachelor's degree (18.4% vs 34.8%).
All food outlets within town limits were identifıed using a twostep process. An inventory of in-town food outlets was created using two public Internet sites (Google Earth and Yahoo! Yellow Pages). Subsequently, during summer 2007, coding teams systematically drove all in-town street networks to verify and augment the presence and location of all fast-food outlets. Details for these procedures have been described previously. 31 
Individual and Town Measures
Fast-food intake was measured through self-report by asking adolescents and parents, In the past 7 days how many times did you eat fast food, for example, food from McDonalds, Burger King, KFC, or Dunkin' Donuts? Responses were dichotomized to represent any fast-food consumption versus none in the past week. Parents reported the number of motor vehicles in the household and the number of licensed drivers. Motor vehicle access was calculated and categorized into three groups: less than one (low vehicle access); one (moderate vehicle access); and more than one (high vehicle access) vehicle per licensed driver in the household.
Adolescents reported their grade, school, and if they had a driver's license. Adolescent gender and age were assessed through the baseline adolescent survey. Parent gender, age, and race were assessed through the baseline parent survey. Adolescent race, parent education, and household income were assessed through the Wave-4 parent telephone survey. The highest level of education completed by either parent was used. Single-parent households were identifıed by asking parents, Do you have a partner or spouse who lives with you?
The primary exposure variable was the number of in-town fastfood outlets. Using a structured observation form and manual developed and validated for the current study, 31 fıeld coders classifıed food outlets as either food markets (one of six categories) or eating establishments (fast-food or full-service restaurant). Fastfood outlets were defıned as any food outlet where the patron orders at a counter or window.
Fast-food restaurants were further classifıed as chain (four or more outlets) or locally owned. Fast-food businesses housed in food markets were counted as distinct food outlets (nϭ43) if the fast-food section had a separate name, logo, entryway, cash register, or employee. Only chain fast-food outlets were used in the current analyses to be consistent with the wording of the fast-food intake survey question. The number of chain fast-food outlets in a town was categorized into three groups, providing a balanced distribution of dyads in each category: no food outlets (16 towns; 486 dyads); one to four food outlets (seven towns, 524 dyads); and fıve or more food outlets (nine towns, 537 dyads).
Town population was determined by the 2007 U.S. Census Population Estimates 32 and categorized into four groups: Ͻ2499, 2500 -4999, 5000 -9999, and Ն10,000 people. Town median household income was determined by the 2000 U.S. Census 33 and categorized into three groups: Ͻ$40,000, $40,000 -$50,000, and Ͼ$50,000. Town distance to urban area was derived from the U.S. Census Rural and Urban Classifıcation GIS layer, 34 and categorized into four groups representing increments of 10 -25 miles.
Statistical Analyses
Poisson regression was used to determine unadjusted and adjusted risk ratios and 95% CIs. Robust, 35 cluster 36 variance estimates were used to account for the binomial outcome variable 37 and the withinschool correlation. The relationship between fast-food intake (adolescents' and parents') and in-town fast-food outlets was examined in unadjusted and fully adjusted models. The adjusted adolescent and parent models both included parent gender, age, race, education, household income, single-parent status, motor vehicle access, distance from the town center to the nearest urban area, and the town median household income. The adjusted adolescent model also included adolescent age, gender, race, and possession of a driver's license.
The joint effects of in-town fast-food outlets (continuous and with three levels: 0, 1-4, Ն5) and motor vehicle access (low, moderate, high) also were modeled, with participants who lived in towns with no fast-food outlets and had low motor vehicle access as the reference group. In the fully adjusted models, it was not possible to include a term representing the town's population because of its near-perfect collinearity with the number of in-town fast-food outlets (r ϭ 0.97). To ensure that fındings were not an artifact of the highly skewed distribution of the main exposure variable, the interaction analysis was repeated using The 32 study towns covered 1237.6 square miles, with town sizes ranging from 2.0 to 67.2 square miles. Towns were similarly distributed with respect to total population: Ͻ2500 (nϭ11); 2500 -4999 (nϭ7); 5000 -9999 (nϭ8); Ն10,000 (nϭ6). The majority (nϭ19) of towns were located more than 25 miles from the nearest census-defıned urban area. Twenty-fıve towns had a median household income of Ͻ$50,000. There were 960 food outlets located in the 32-town sampling area, of which 163 (17.0%) were chain fast-food outlets. The number of chain fast-food outlets per town ranged from 0 to 46; however, most (nϭ30) towns contained Ͻ17.
Unadjusted Models
Overall, about half of adolescents and one third of parents consumed fast food at least once during the week prior to the survey (Tables 1 and 2 ). The distribution of fast-food intake in the past week among adolescents and parents was 0 times (adolescents: n ϭ 741, 47.9%; parents: n ϭ 1010, 65.3%); 
Male gender, older age, having a driver's license, living in a single-parent home, lower parental education, and lower household income were associated with adolescent fast-food consumption. Parents who consumed fast food were more likely to be younger, less educated, and to report a household income of Ͻ$35,000. Fast-food intake among adolescents or parents was unrelated to town population, distance to urban area, or town median household income. Results were similar when fast-food intake was modeled as an ordinal variable (i.e., 0, 1, Ն2 times in the past week).
Multivariate Models
Compared to participants living in a town with no fast-food outlets, adolescents and parents with fıve or more in-town fast-food outlets were about 30% more likely to eat fast Interaction Figure 1 illustrates the crude association between adolescent and parent fast-food intake, motor vehicle access, and intown fast-food outlets. There was a positive association between in-town fast-food outlets and intake among adolescents and parents with low motor vehicle access. This association was attenuated as access to motor vehicles increased, especially among parents. Fast-food intake among adolescents and parents who lived in towns with no fastfood outlets was positively associated with motor vehicle access, such that families with low access were less likely to eat fast food compared to families with high access (adolescents: 34.9% vs 49.7%, pϭ0.08; parents: 18.6% vs 38.5%, pϭ0.02, respectively). Fast-food intake among adolescents and parents who lived in towns with fıve or more fast-food outlets was similar regardless of their vehicle access. After adjustments, the interactions between fast-food outlets as a continuous variable and vehicle access were signifıcant in the adolescent and parent models (pϽ0.01 for both). Fast-food intake increased with the number of intown fast-food outlets ( 
pϭ0.99).
The adjusted, joint effects of in-town fast-food outlets (measured categorically) and motor vehicle access on fast-food intake, using a common reference category of low motor vehicle access and no fast-food outlets, are detailed in Table 3 .
Compared to the referent group, adolescents had an overall higher risk of consuming fast food if they lived in a household with high motor vehicle access (RRϭ1.64 to 1.91) or a town with fıve or more fast-food outlets (RRϭ1.69 to 1.91). Regardless of vehicle access, parents had higher intake if they lived in towns with fıve or more fast-food outlets (RRϭ2.21 to 2.51). Although the risk ratios for parents with high vehicle access were similar to the ratios for fıve or more outlets, the p-value was 0.05. Additional analyses using different cutoffs for in-town fastfood outlets did not substantially change the fındings.
Discussion
The present study provides evidence for the complex interplay between individual and environmental influences on dietary behavior. Among adolescents, within each level of motor vehicle access, fast-food intake was positively associated with the number of in-town fast-food outlets. However, the magnitude of the increase was greatest among adolescents with low vehicle access. In households with low motor vehicle access, adjusted analyses demonstrated a 69% increase in fast-food intake between adolescents living in towns with fıve or more versus no chain fast-food outlets. In contrast, among adolescents with moderate or high vehicle access, the difference in fast-food intake between participants living in towns with none versus at least fıve fast-food outlets was 16%-25%.
Results for parents were somewhat similar, although the larger CIs suggest greater variation among adults. These results demonstrated a strong effect of the fastfood environment among parents with low vehicle access on fast-food intake, with this effect attenuated as access to motor vehicles increased. Although the relative risks for one to four outlets were not signifıcant in the main effects models (Tables 1 and 2 ), the signifıcant test of trend indicates that fast-food intake increases with in-town fast-food outlets measured continuously. Furthermore, in the interaction models, the risk ratios for one to four outlets support a dose-response relationship. The moderate correlation between adolescent and parent fast-food intake indicates that motivations or opportunities for fast-food purchases may differ between adolescents and adults. 38 -41 To our knowledge, this is the fırst study to examine the joint effects of in-town fast-food outlets with household motor vehicle access on fast-food intake in nonmetropolitan areas.
Consistent with the study hypotheses, the results indicate that adolescents and parents residing in towns with numerous fast-food outlets are more likely to consume fast food, and in-town fast food conferred a stronger influence on families with limited household transportation. These results are consistent with those of Inagami et al. 28 who found that people who did not own a car and lived in urban neighborhoods with a high concentration of fast food had a higher BMI than those who did not own a car and lived in areas with no fast-food outlets, after controlling for individual and neighborhood characteristics. They concluded that the local fast-food environment had a stronger association with BMI for residents with no car access. 28 Given the discrepant geographic areas (i.e., highly urban vs nonmetropolitan) between these two studies, the congruence of fındings warrants further attention to the potential moderating influence of vehicle ownership.
The current study contributes to the increasing body of literature showing an association between the community food environment and individual dietary behavior, 9 -15,42 and it is the fırst to examine the association in adolescents. Further, the current study examines the relationship between intake and food environments in nonmetropolitan towns, identifıed as a geographic area warranting further attention. 42 The fındings also demonstrate that the relationship between the built environment and individual behavior is multifaceted, and environmental influences pose differential risks depending on individual-or family-level attributes. Recent studies examining fast-food exposure and intake have revealed additional moderators, including low household income and specifıc personality traits, 27, 43 suggesting that morerefıned approaches are needed to explain under what circumstances or for which populations the built environment may influence diet.
Town was selected as the geographic unit of analysis for several reasons. In New Hampshire and Vermont, town boundaries defıne the local political structure, which has considerable authority in making development and commercial decisions. Unlike other U.S. regions, in these two states, town boundaries are equivalent to school district boundaries, and are thus especially relevant to children's environments. Finally, the majority of Northern New England towns are discrete geographic units with large expanses of undeveloped land between compact town centers, creating clearly demarcated, easily identifıable boundaries. Future research should examine alternative geographic boundaries (e.g., buffer zones).
The study sample was primarily white and restricted to residents of Northern New England. However, reported fast-food intake was comparable to prior studies from geographic regions with more diverse populations. [23] [24] [25] 44, 45 Motor vehicle access was surprisingly high, with only 11% of families having fewer than one vehicle per licensed driver in Figure 1 . Prevalence of adolescent and parent fast-food intake by in-town fast-food outlets and family motor vehicle access the household. The study should be replicated in other nonmetropolitan settings with lower household vehicle access.
The number of in-town fast-food outlets was highly correlated with overall town population, so one cannot exclude the possibility that an unidentifıed variable accounted for the association between fast-food intake and town size. The self-report fastfood intake question did not assess what specifıc foods or beverages were consumed or whether the fast-food outlets visited were within participants' residential town. Further, the question did not list all fast-food outlets that were counted as exposures; this may have underestimated the association between fast-food outlets and intake. For consistency with survey terminology, only chain fast-food outlets were included in the townwide measure. Future studies should examine the potential influence of locally owned fastfood outlets, which offer similar types of calorically dense food.
Increasingly, public health guidelines emphasize the creation of healthy environments to prevent obesity. 46, 47 Targeting strategies to specifıc geographic areas and identifying the most vulnerable populations will utilize resources more effıciently. The present study suggests that families, especially adolescent children within families with low household transportation, may be most responsive to changes in fast-food availability in their immediate environment. In contrast, families with high motor vehicle access are less influenced by the fast-food environment in their town of residence and thus a broader approach may be needed to modify their fast-food intake. gender, race, single-parent status, education, and household income, and the distance from the town center to the nearest urban area, and the town median household income. b Low ϭ less than one vehicle per licensed driver; moderate ϭ one vehicle per licensed driver; high ϭ more than one vehicle per licensed driver. c Parent model is adjusted for parents' age, gender, race, single-parent status, education, and household income, and the distance from the town center to the nearest urban area, and the town median household income. *pϽ0.05, **pϽ0.01 ARR, adjusted risk ratio
